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ABSTRACT 

An integral part of the curriculum in introductory 
biology courses is the study of Mendelian genetics. Results from 
genetics learning studies and needs assessments demonstrated the need 
for additional intensive research in biology education and genetics 
learning. There exists a lack of detailed information describing 
reasoning patterns and processes of learners solving genetics 
problems using an interactive medium to explore their ideas and test 
hypotheses. The purposes of tais study were to: (1) explore problem 
solving behaviors and genetics concepts employed by experts and 
novices during interaction with a genetics computer simulation; and 
(2) examine, extract, and analyze common and unique characteristics 
of successful and unsuccessful subjects. Three experts (Ph.D.s in 
Biology) and ten novices (advanced biology secondary students) 
participated in the study. Two experts and two novices exhibited the 
most complex patterns of problem-solving sequences and principally 
used problem-solving sequences. These were the successful subjects. 
The least successful subjects, five novices, exhibited more random 
approaches daring problem solving. An intermediate group of less 
successful problem solvers exhibited some of the problem solving 
sequences of successful subjects. Included are tables, diagrams, and 
d l-^.st of references. (RT) 
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a genetes amputer simulatton. Catlab (Kinnear, 1982). ZTe^Z 
Kl.'ai^r'^'*^^""'"'"^'^^^^^ 

coniplSms'oTni^. '"^ 'xfibNed the most 

H^^J^- Tf ^'""9 sequences and used princioallv 

unaeriying patterns characteristic of inherited traits The finriinne 

perfo^ce-based model for genetics problem solving warfoZated 

™7 P-^POs^f -""del repreZedan 

attempt to integrate problem solving behavior sequences w™hTe use of 

^o^Sar^Tnit^d^^^^^^^^^^ 

rC"e:elfn!mn"t''°"; ""1;"""'^ <" -^ow 

afd^t^Ls '^n^SS?"' r"*"^ ^ P"""'"- sPl^ng skills 

.f,^^ In addition, these studies provide infomiation tor teachers 
to employ app«,priate instrucSonal strategies based on leaminimodels 



PBOBLfiM SOLVfNG BEHAVIORS OF SUCCESSFUL AND UNSOCESSFUL 
SUBJECTS LEADING TO A GENETICS PROBLEM SOLVING MODEL 

Introduction 

Ths stud), 01 Me«tellan genetics Is an Integral part of the curriculum in inlroducto,y 
biology courses a, secondary and post.se<»ndary levels. Results from previous ,ene«cs 
■earning studes and needs assessments (HBdebrand, 1985; Scriver. Scriver, Cto», a«l Schok. 
1978) derr^nstrated the need I6r more Intensive research h blok „ education », general and 
genetics learning In particular. Research stu<«es in genetics have exarrrtned how students use 
procedural and conceptual knowledge to solve problems (Stewart, 1 982; Stewart. 1985; Sn^th 
»d Good, 1984; Water, Hendrl«. and Mortens, 1980; and Stewart and Van Kiri<. 1981). 
There exists, however, a lack of detailed IntOrmatlon describing reasoning patterns and 
processes of learners solving genetics problems using a more Interactive medium through which 
10 explore their Ideas and test hypotheses. 
Purpose of the Study 

Problem solving behavtors and genetfcs concepts emptoyed by experts and novtees 
during interaction with a genetics computer simulation, J2allab(Kinnear, 1982). were 
explored. The prhcipal obiecth« of this study was to examine, extract, and analyze eomn„n 
and unkiue *aracteristlcs of suoesslul and unsuccessft,l subiects. The oondusions from the 
st«ly were extended to a genetics problem solving rr^el explaining performance levels o( 
subjects. 

Naturalistic Research Methodology 

An intensive examination of learners' problem solving behaviors and genetics concepts 
during problem solving was conducted. A progressfon of research studies helped to focus and 
Sharpen the research rriethodology and questions (Simmons. 1987). Each pilot study evolved in 
response to the need for understanding and eluddatlng the nature of genettes problem solving 



during an interactive iearning session, "me preliminary studies provided the heuristics for rhe 
research design of the main study. The naturalistic research methodology employed in the 
studv repo:led here generated numerous questions requiring further research about learners- 
cognitive processes and needs. The collection of data from subjects' im/estigations and the 
extraction of patterns of behaviors and concept use resulted in the formulation of or^inizing 
schemes for data analysis. This is consistent with the purpose of naturalistic research (Easley. 
1983). From these organizing schemes, more general patterns of problem solving t«haviors 
were extracted fo aid in analyzing data and coalescing signals and patterns of unique or common 
characteristics (Rgure 1 and Table 2). 

Naturalistic research studies entail the use of field methods such as case studies, 
cnnical interviews, analysis of documents, and unstructured observations (Easley. 1983; 
Smith. 1982). Verbal protocols can also supply the data to which connecttons to perfomiance 
models of problem solving can be inferred. LaMn and Rainard (1986) described one possible 
sequence of model building based on verbal reports: 

1. collect a set of condition-action rules; 

2. code the protocol statement to the corresponding action; 

3. verify the protocol statements to the actions and conditions. 

Verbal protocols can provide rich sources of data on cognitive processes and enhance 
the data base contributing to a more comprehensive understanding and descriptton of cognition 
(Anderson. 1986). 
SlructiirPri nbservatinqf^ 

The field method employed in this study is termed "structured observation" (Krajcii^. 
Simmons, and Lunetta. 1988). The use of this method facilitated the generatton of data by the 
subjects during a "think aloud- protocol. From these data, patterns of behaviors and strategies 
were extracted for comparisons between individuals and between the groups of novices and 
experts. The subjects' performances on pretests and posttests of genetics concepts and 
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geneucs problem, ^ ^ ^ ^ ^^^^^ 

s^^re, and cor^b^aied ,.e Werenees ^ »on. o, their verba, protocote. 

VWeotape reoo«,„gs o, subiecs' ,n,eracti«,s w„h CATUB were me pdmary source 
10, verba, protocols tor .hte ,nves.„a,^„ . ,rtcoco,r^„,„„,, „„„^^ „ 

v«,eo,r,p„,ofav«eocaese«erecorder(.o;fl. T.e«ud1ohpu„™,„ sublet verbatotons 
was Btered and arr^ined betore recorded on v«eo.ape. T.. ,ecH„*,„e pem,«,ed .he 

sta«ane«,srecon«n,ofsubiects'conn«n,sabo«,«,eirpercep,tons.obse,va,V,ns, 
P'«««'"«.a--e«^a„a,tonsw«h,h.v««,d,spte,»on.,becomp«er,.on««. «deo,ape 
recon),ngs were made dudngeao, subi«*s enBra ln,erac«on with CATUB. 

A„ subiects recehred a brleHng abo„, the e„lpn«„ and the expeCaltons for their 
performance during ,„e .reatmen,. Subjects were specifcai, instructed to speaK afoud durtng 
interactfon with the p^gram. with dir^rJons to give a running corr^tentary on .heir 
perceptfons, predlcfons. and acfons and fo sh« their thoughts even » .hey though, then, to be 
ins^r^nc^, . TO aoqu* subiects w«h the p^gran, menu and optfons. the foves«gafor 
den»,s,ra,ed how to generate parent cats, prod«» of,sp.ng. and pointed ou, features o. the 
program (such as the number*^ system used fo Went»y cats,, in addHfon. each subjec, 
racoK^d paper and pencil with strong enc«„Bgement to record their observatfons. 
ComniitPrffimiiinij^n 

A computer simulation. CATUB. was sel«=ted as the vehicle .ith which to examine 
subjects- genets concepts and pn,blem soMng behavior, and strategies as the, interacted 
* a mode, o, a genetfo populatton. CATUB (Kinnear, 1982, served as the interacts 

nediumfo„tudfeso.iean«r,'problemso.,n,behavfors,„rate,ie,,andconcepts.The 
CATUB simulation required learners to; 

1 . generate their own question(s); 

2. apply sdentlfic principles; 

3. decide which parameters or variables to control; 
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4. galbsr, record, anal;™, and hierpret data Ihey gerieraied; 

5. *awcoiKluslons 10 support or reject hypotheses. 

The sel«=llon of the simulation, CAr,.AB. was based upon several criteria. The 
open^nded nature of the program was oond^lve to an inquiry laboratory fOm,at. CATUB was 
based upon a va.d scien.nc n^l of a geneCc ^u^ton. The program represented exemptery 
software that was available for use. 
Treatmpnt 

Thirteen subiects Investigated a «mmon genetic trait (orange tabby str*,ing) in cats. 
Three experts (PhD In Biology) and ten novices (advanced btology secondary students) 
participated in the st«ly. Using a think aloud protocol (Ericsson and Simon. 1985: K,m. 
Simmons, and Lunette, 1988). each subjecfs ve*al commentaries andTnteraction with the 
Simulation were recorded. A teaming cyde organizer served as the framewon, for the 
computer instructional treatment. Subiects- behavior, and perfOmtances in an Instructional 
«~i.onment based on the learning cyde we„ sampled. The teaming cycle teach»,g model of 
exploration ■ invention -expansion (Renner. Abraham, and Blmle, 1986) was selected as the 
o-gan^g framewod. for the CATIAB actMty. Subiects were provMod ..th oppor,uni«es to 
investigate genetic tra»s In cals by genera«ng hypotheses, deciding what data to generate. 
Wllect, and interprat. and drawing inclusions about their hypotheses. In the exptoratlcn 
Phase, subiects Interred ,.th the pr^ram by experlendng Infomtatlon and „ncepts before 
conceptual organizers were discussed, by colWng data, and by searchlig fbr underiyi,, 

patlems. The inventionphasewasmarkedbyadlscusslonbeh,een the researcher and each 
soblect on the ac«ons and ra«onales the sublect used to ^est^ete the hhedtance pattern of a 
specific trait. In the expansion phase, subiects solved p^blems by expedmenting. redefWng 
questions. Investigating concepts, and relating concepts to new Infomtatlon. 
Research Question 

The performances of subjects hvestlgating one specific genetic trait (a common 



Strategies and genetics concepts do "novice" and •flvn.rt- e k. 

novice and expert" subjects employ when investigating 

inheritance patterns with CATLAB? 
Results and Conclusions 

Pauems o, subjects- ^ soMng bshavfe. ^ ™*,,.ed ,e„e,,cs concepts 
--n„.e<..rco.™„,„a„^^,^,^^.,^^^,^^^^^^^_^^^_^^^ 
concep.s..,ae^o.^.«e.,,,,,,^,,^^„^^^^^^^^^^^^^^^ 

*»neaK«,ca,e.oHeso,p.^eo„cep.: en«,„„„p.s.„.p.pe^eo«epu. 
concep,ae„.,e<,ap,«.„..or,e„e*e„,^.s«.es.es«„,p,«^.,o,aMe„,. 

(«eneHc,.Ap™pe«,co.ep,was<.en„edasa„^„se<.,.desc*e,he^„c,ton. 
^e..^h^be^™e„o..<„„cep.s.B,se.„po„.ese*«.,„,.o„^,^.^^^^ 

^«n,^a«,p„pe^eo™epu,„,e„e,tes„,s„„s,a,c,e.,Tab.i,M,e„e.^„^p, 
vert-abed by sa,ie«s were c^sslfled acc»,dl„ ,o ,he dtehotonous key. 

^P^-*»'P'*..so.^o^,„^,e.p.y«„„da.aa„a^.„es^,ned.o.«,e 
Ubc.,on,S..,cn,re andTasK A™^. ,„ve«o,y ,.„,™„. u.„„3, 3^ ^ 

<^«.eve,ba,p™,oco,.a,a,e„era,edby..sUKV.Afe,o,p™Nen,soM^ behave 
*ve„pedtoruse,„cod,„,s^a«.behav,o...e«,ora,ed,„P,„,e2a„dTa«e2 T.e 

o.se<,„ences:desc*,„,^a...^3nd,„a„«.^obse.a,.„s,,a.e.„,da.a.«.„.„^^^ 
a^-othersec^ences. ^'o«,eso„Kep™b..s,M„behavto.over.,™„e.,^adfer ' 

ea*s*,ec„n,„ese,7,a„d„.P™„.ep™™es,.ep«b..s,M„,be.av..„e. 
C0,^sed,„..„e,e„a*p,0b.„30M^^„„^,,^^^„,^,„^„^^^^^^^^^^ 

2, 3, and 4. 

Three ^ o,probte„, soMn, pe„om,.nee were e,.ec,ed from ,he data-success... 



le« suce«s*,l. and leas, successful pertc^ance. Successful sublecB (N« e>^rts and 

novices) e«h«„,ed.hemos,conplexpa«cms Of p^emsoMnssequencesandusedprtnc*,,., 
descrtpflon p«,blem soMns sequences ,FI,„™ t Tables 3 and 4). Most successful subjects 
ve*a«zed a higher pe^nlage of specific genetics concepts than general genete concepts 
(Table 5). The least successful subiects (li« novices) exhMed more random app«aches 
*-Hng p^blem solvin, than did other subjects (Table 3 and Klgu^ 4). Least successful 
subiects ve*alized a higher percentage of general genetics incepts and descr«»d an arra, of 
alternative genetics concepts (Table 5). An Intennedlate group of less successful pnDblem 
solvers (one expert andth^e n»lces) exhiHted some of the problem solving sequences of 
successful subiects and verbalized a h^her percentage ef spedlic genetics concepts than 
general genetics concepts (Tables 3 and 5, Hgure 3). 

Successful subjects used primarily description sequences during all phases of problem 
solving (at the initiatton, middle, and termination of h>^thesis testitx,) (Figure 6). Descr«,l,„ 
obsen,atlons and data may be an Inttlal step In processing relevant informatton. According to 
Champagne, Qunstone, and Klopfer (1982) and White and Frededckson (1986). phydslsts 
(experts) typically used a qua»tat^ descHptlon approach prtor to employing physte, equations 
When soK-ing a problem. This model of expe,Vnovk» probtem soMng may be applfcable to the 
behaviors obsewed in successful and unsuccessful sutjects in this study. For exaa,ple. the 
behavior Of Subject 3 (successful novtee). who used qualHative descHptton. was consistent 
With fte behavior of the physicists during problem solving. This finding indicated that some 
common elements or charaCeHstics appear to operate In genetics and phystes problem solvers. 
Tl-e behavior Of the other successful subjects wf» usedprtnc»»lly quantitative sequences may 
reflecl differences In the nature of the two science domains. 

Most unsuccessful subjects used descHptlon problem solving sequences at the initiation 
Of hypothesis testing (Figures 7 and 8). These subjects dU not use desc».ton sequences during 
or at the temtination of hypothesis testing. The least successful subjects used the smallest 
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P«c,n««es Of descripta sequences 6). This Moated unsuccessful su«ec« may have 
byp^sod a crucial step ,„ su«essh„ ^„ „ ^ 

Wnp^Wom „Mng sequences may ,esu« „ teasers overtooK*^ sK,na,s orpa«ems 
w«hln ,he data. By contrast, successful subiects continuously drew upon description sequences 
When anah^ng and Inteq-retlng data The occurra™» of desa^tton proolem soMn, sequences 
throughout hypothec testlnB In suoessful subsets' »«estloatlons Indicated ,hat these 
sequences may be key elements c»ntrlbutlnfl to successful performance. Descrt.tlons of 
c.sen««ons or data *rln, ana^rsls and lnteq,retatton may he*, In successful prablem soMn,. 
The lesults from this study Indicated «,at genenrt strategies (such as descrlp«on of 
o.»en,atlons) used as a principal problem af^ „ay lead t. successful performance. 
CandustaU: Successfulpertonance may have resulted from successful subiects'ab% to 
select from and Implement puiposeful problem soMrg saquences. 

This action may have led t, more systema-lc data gatherinQ and/or lnteq,retatlon. The 

useof such soquencesmayhaveledsublectstoattendtodatacuescharacterlstlcof various 
•nhedtance traits. The aWng paHems of p„btem solving sequences over «me indicated that 
successful sut^ects employed and utlized those sequences (e* description) to generate 
relevant data, to interpret data correct^, and to detemtine which of ^ir . ssun^tens were 
s^portedbythedatagenerated. problem soMng patterns ol successful sutHects • 
suggested that they drew ,^n and used agreater vadety of problem soMng behaviors. 
Successful subiects mcy have a more devetoped sen^ of *a s^ateglc Imowtedge to en^ 
during problem solving than unsuccessful subiects. However. .»meof the unsuccessful probfem 
solvers (less successful subiects) possessed problem so1v»h, behaviors similar to the 
successful problem sof^er^ The organization a«J Implementatta of problem solving behavior 
patterns of unsuccessful subjects Cflered from the behavior patterns of the successful 
subiects. The unsuccessful subiects typlealy o«ter«ior organized their problem solving 
behaviors in a more n.ndom manner than the successf^ problem solvers, in addition, the 
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unsuccessful subiecB emploj«d segments of the descr*«lon problem soMn, sequences which 
successful subjects employed. 

Cflnduskmi: Unsuccessful sublects used segments of the problem soKring sequences used b, 
successful subjects. 

Unsuccessful problem solvers (one expert and eight novices) used parts of the entire 
problem solving sequences employed by successful preblem solvers. This Indicated that 
unsuccessful subiecis neglected to use an Important category of sequences durtng hypothesis 
lestlng. Unsu«»ssful subiects' selection of parts of «,e sequences employed by successful 
subjects may reflect a lack of: 

1 . an understanding of how to solve the problem 

2. an appropriate interpretation or fbmiulatlon of the problem statement 

3. a useful or appmpriatg in,emal representation to guide the selection of a 
Strategy 

4. Integration and Implementation of sequences 

5. discrimination betH'een cues or patterns within the deta. 

unsuccessful problem solvers may have an underdeveloped sense of purpose In selecting 
an appropriate strategy to use during hypothesis testing. These subjects may rely upon and 
employ msuHiclently developed logical thinking skills, resulting In more random approaches 
toward problem solving. Unsuccessful su^ects may nor have realized the consequences of 
their declstons or actions during problem solving. The unsuccessful subjects also used pm.lem 
solving sequences containing problem solving behaviors In different orders from the sequences 
Of successful subjects. 

CflDClusioaa : The majority of successful subjects verbalized a greater percentage of en(ity 
concepts than property concepts during hypothesis testing. 

The higher percentage of entity concepts verbalized by successful subjects (one expert 
and two novices) indicated that these subjects y^re focussing on specific cues during data 
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pracesshg. «,an:hlna hr pa«e,ns Mhin the *a(a. and arawln, upon spednc concept, ,o eld In 
expleneton of the data. Thte siwons the Idea that dome*, specific kno,.«*e ma, be ll*ed to 
successhilp^blem soMn,. Howe^r, one expert* ««eesft,l pertomtance (en^loyln, general 
genetics concepts) Indicated that vertaBzmg ^„ specfflc k.«,^e<ige may contribute to 
successful problem soMng. The finding that one successful subject (1 1) used a higher 
percentage of property concepts and a quantitative problem solving sequence to extract data 
patterns suggested that he drew upon general relationships of concepts to describe his 
Observations , However, he used a quantitative straleffl, to uncover the exact relationship 
operating In the orange striping ,«i,. This subject determined the hherttance characterlsllcs 
b, using mathematical ranosolexpectedandobservedoutcomes. His successful pertb-^ance 
may have reflected compensation tor using more general concepts wim a quantitative problem 
solving approach. The verbalization of more general concepts m combinalion with the 
extraction of malhenalicel patterns from the data may have led to his successful performance. 

unsuccessful subjects' articulation of a higher penanlage of the property dass of 
concepts may have reflected the subjects' use of intormal reverydayl knowiedge modes. Reif 
(1986) noted that ,»vlces used fragmentary knowledge or Intuition and rarely translated a 
concept Into a more fO„.al denmtton . Novtees also overlooked signilican. <«s«lnina«ons 
Within concepts (Reif, ,986). He posMated -hte Inability of novices to discrlminale led to the 
generation of fragmentary knowledge. lesuWng in misconceptions. 

The results reported here were consistent with Reifs generalizations about coh^p, 
inlerpratatlon If the assumption that the vemalialton of a concept impBes the interpolation 
Of the concept by a subject Is true, then the concepts verbalized by unsuccessful subjects may 
be explained by examining fom,al versus Infortnal Interpretation modes. For Instance, the 
higher percentage of the property class of concepts may have refected tbe fragmentary 
knowledge of unsuccessful subjects. If subjects used fragmentary knowledge duHng problem 
aotvlng. then it may be reasonable to assume that the nature of that knowledge Is mo« general 
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rather than spedflc. Thus, unsuccessful subjects drew upon the more general concepts 
soMno problems. The finding that some of the less successful subjects used a higher 
percentage of entity oo^pjs during p«,blem solving may reflect a movement of subjects along 
a continuum from fragmentary (or lnfbm,al) knowledge to Integrated (or fbmial) knowledge 
Interpretation. Four of the unsuccessful sul^ects fbcussed on entity concepts, four on property 
concepts, and one .ub'ect equally on both classes of concepts. This may have resulted In the 
subjects misinterpreting Ideas on a large scale or overtooking more subtle or detailed cues. 
CflDduslQlU: Successful perfomiance in p-obiem solving involved the intersection of 
quantitative or qualitative description skills with the use of specific scientific concepts. 

Successful problem solving may be a combination of the appropriate problem solving 
sequences (such as qualitative or quantitative descriptton) and the verbalization or use of 
speclficgenetics concepts. Tne majority of successful problem solverr used quantitative 
descriptton sequencer aW In extracting, analyzing .nd Interpreting, patterns within the data 
generated. Only one of the successful problem solvers dU not rely upon quantitative 
descriptton sequences as greatly as the other successful problem solvers. Instead, she 
(Subject 3) focussed upon qualrtathve description sequences during hypothesis testing and traced 
the transmisston of genes through various kinds of crosses. The rerfbmiances of the 
unsuccessful subjects indicated that these subjects lacked the domain specific knowledge to 
describe their observations or were not be able to discern characteristic signals of specific 
concepts or genetics principles within the data patterns. 

The findinf *rom this study suggested that subjects perfomied at differing levels of 
problem solving. The variety of approaches used by successful subjects (qualitative and 
quantitative descriptton and conduston sequences) suggested that human problem solving and 
Infomiatton processing do not occur in the samt manner as the computer processing analog 
proposed by Newell and Simon (1 972). The evidence from this study strongly suggests that 
problem solving within the genetics domain is a complex, multi-level process. Some additional 
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factors innuenclno problem solving Included: strategic knowtedge. conceptual knowledge, 
maturation, motivation, teaming slyte. cognitive preferences, verbalization, and perception. 

The research on concept interpretation and problem solving of experts and novices 
contains elements common to a variety of scientific domains. The findings from this study 
supported generanzattons from previous research on expert and novice behavters. The findings 
from this research study indicated that verbaHzing domain specific knowledge may contribute 
to successful probtem solving. Successful performance In problem solving in genetics using 
CATUB appeared to necessitate the use of description sequences (especially quantitative 
observations). The use of description sequences at the onset, during, and toward the 
temilnation of problem solving may have led to the recognHlon. Identification, and acquisition of 
data (knowledge) by successful subjects. This finding was consistent with Sternberg's 
conclusion (1986) that knowledge acquteiiion Is the factor distinguishing expert performance 
from novice perfomiance. Descrfcing obsen^tions (such as kittens' appearances) may be a key 
factor in knowledge acquisltton. This factor may represent a major step to successful problem 
solving performance. 

The problem solving 'oehavlors of subjects ard the Intersection of these behaviors with 
two classes of genetics concepts during problem solving were examined. The findings revealed 
that certain problem solving behaviors, sequences of behaviors, and classes of genetics 
concepts are verbalized more frequenter by successful problem solvers than by unsuccessful 
problem solvers. The successful problem solver may draw upon stronger linkages fbnned 
between the supporting structures of problem solving sequences and concepts. The researcher 
synthesized conclusions from this study and other studies (Hackling. 1986; Coifins. 1986; 
Sternberg. 1986) Into a problem solving model (representation) of components and relationships 
between components which contribute to and predict successful problem solving in genetics. 
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A 0*iMtlcs Problem Solving Modol 

Tfe resulte Iran, m sUidy pnwlded ll,e basis for the syndesis of a pratoiype model 
tor genetics p«blem solving. This model is based on Ue conclusions about problem solvhg 
behaviors and the genellcs concepts employed by successful and unsuccessful subiects. 
fifllmMmlffI 

DuHng problem soMng, the successful problem adver may use sequences of behavior, 
supported by a superslnKlure (Figure 9). As the problem solver praoeeds from IniHallon lo 
termlnaltan. he uses those [desalpttoni sequence, and concepts lo extract relevant Infomtalion 
WW, Which to solve the problem. The superalnKlure represents a composite of many 
pathways from which the problem solver may choose. Fonowing various pathways may resuK 
In suc^ssful problem solving, whereas tOBowIng other pathways wOl result In the proHem 
solver using or relying on more fragile substructures. These substmdures (Figure 1 0) may 
not be linked together as strongly as the overall superstructure. If the problem solver elects to 
use apathway where gaps or weaknesses exist within the sup structure, he may have to 
■lump- from one supporflng substructure to another substructure without adequate suppor- r,i 
problem solving strategies, concept use. motlvalton. and so (orth. The supporting 
subslnelures may consist of description sequences, entity concepts, property concepts, 
concluding sequences, motlvatten. or learning style. Links between the substructures may 
result in stronger ties between parts of the superstructure and and In more stable support lOr 
the superstructure. 

This model may assist ir, explair,ir,g what occurs wher, a problem solver Iriltlates problem 
solving b>. selecting a path along the surface of the superstructure. As the problem solver 
progresses toward a goal, he must use various substructures to support his travel along a 
partteular pathway toward the problem solution. He may encounter altemat^e pathways whteh 
lead toward the solution more quickly, or he may find pathways which return him to the 
starting point or digress toward another problem. The problem solver must decide which path 
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to select along the most stable supporting s.jbstructures. If he chooses a substructure which i$ 
m securely locked into place (e.g. ?r-terpre'atlon of data), he may continue toward problem 
resolution with insufficient support or may use alternative support substructures from which 
to reach the end of the pathway. The successful problem solver may progress from initiation to 
description sequences to specific genetic concepts to conclusion sequences to description 
sequences to termination. 

The unsuccessful problem solver may employ several pathways, such as: (1) initiation 
to conclusion sequences to general genetic concepts to conclusion sequences to temiination or 
(2) initiation to conclusion to general genetic concepts to termination (Figure 9). The pathways 
employed by unsuccessful problem solvers may reflect the selection of substructures which are 
Inadequately supported or linked to the superstructure. The unsuccessful problem solver 
attempts to use a weakened superstructure during problem solving. This study reported that 
unsuccessful problem solvers did nor rule our all possible explanations to account for the data 
generated. This characteristic of unsuccessful problem solvers may have be due to subjects 
drawing upon inadequately supported substructures during problem solving. If the unsuccessful 
problem t-iver uses a weak substructure (e.g. segments of the description sequences), he would 
nor not bt a.. 'br' -k;ular signals within the data. Such behaviors would result in "gaps" 
durinp dm i Kfers r :^».cn. and could account for unsuccessful problem solvers omitting all 
possib; 3 6>: -:.(iations for data pattems. 

The findings reported in this study may reflect situations where successful problem 
solvers can utilize a variety of approaches (pathways) and draw upon the supporting 
substructures of quantitative or qualitative problem solving sequences and general or specific 
genetics concepts to investigate hypotheses. These two substructures represent parts of the 
framewori< upon which the superstructure is built. The description sequences may be the 
strongest links within the substructures. Other sequences (strategies) may represent the 
weakest link to the superstructure. Underlying the superstructure may be units 
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(substructures) of motivation, learning style, and other substructures. These substructures 
may comprise an inner supponing ring for other substructures (problem solving sequences) or 
may be linked vi^lthln the same level to other substructures. 

Further research is needed to elucidatP the linkages and levels of all the variables 
affecting successful problem solving. For example, one area of research requiring closer 
examlninatlon Is the intersection of genetics concepts and successful problem solving 
strategies. One of the successful problem solvers in this study verisalized a greater porcantage 
of general genetics concepts than more specific genetics concepts. This suggested that trie 
subject drew greater support from the problem solving sequences (description substructures) 
than from the specific genetic concept substructure during problem solving. The assimilation of 
Information within existing problem solving frameworks organized by the learner may result in 
the modification or formulation of new links within the frameworii. These new links may then 
Ibrm stronger associations wfth other subunits (substructures) within the overall problem 
solving framewori< (superstructure). The links between property and entity concepts are not 
cleariy established. The contribution and balance between the factors which infiuence problem 
solving need to be determined in subsequent studies. 

Gaps between the substructures (e.g. descriptton strategies and property concepts) may 
be responsible for unsuccessful problem solving. Examining the substructures which leamers 
use during problem solving can add information about the nature of the connections between the 
substructures and the connections between the substructures and the superstructure. For 
Instance, examining the problem solving behaviors and concept use of subjects along a 
continuum from least successful to most successful problem solver may supply data about how 
various levels of leamers construct and utilize the substructures within the larger 
superstructure. Unsuccessful problem solving may be the result of gaps or a disorganized 
aggregation of substructures within the superstructure. For example, the predominant use of 
combined or abbreviated versions of problem solving sequences by unsuccessful subjects may 
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be the result of random aggregates within the substructures or a random ordering of the 
Substructures. 

The less successful problam solvers in this study utilized the description sequences 
which the successful subjects employed. Less successful subjects also used a greater 
percenage of entity (specific) genetic concepts than the least successful subjects used. This 
may be explained by the random organization of substructures of the less successful subjects. 
The less successful problem solvers may have the necesary problem solving sequences 
(description sequences) locked within the superstructure, but the concept substructures may be 
more loosely or randomly ordered than the concept substructures of successful subjects. 

Another explanation for unsuccessful performance in problem solving may be due to the 
organization of subunits within the substructures. For instance, the substructure of genetic 
concepts may contain a randomly dispersed or incomplete set of components (aggregates). The 
aggregates represent the class of entity concepts or property concepts. If the prooiem solver 
has an incomplete or disordered set of aggregates, he may not be successful during problem 
solving. The problem solver may have a complete set of entitiy concepts and employ those 
concepts during problem sovling. but still not perform successfully (e. g. the unsuccessful 
expert). 

Additional research studies need to be conducted and focus on why certain subjects 
(students) do not appes' to progress from unsuccessful to successful performance. It may be 
that certain unsuccessful subjects lack or do not employ an organizing element which aids in 
ordering the substructures during problem solving. These individuals may continue using 
disordered substructures even when confronted with situations where they realize convergent 
thinking or prof^'em solving is required for successful performance. 

Another area needing further examination is the intersection of the role of logical 
thinking structures with problem solving and concept interpretation. This study suggested that 
there are important intersections between genetics concepts, problem solving, and logical 
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processing. 

UmitationsnfthoMortftl 

The genetics problem solving model raises many questions about the nature of genetics 
learning and problem solving. For example, questions about the intersection of problem solving 
strategies with genetics concepts used to solve problems successfully require thorough 
examination. Research is needed to analyze how the exclusive or predominant use of certain 
problem solving strategies (such as description) in conjunction with the use and interpretation 
of particular genetics concepts (entity or property) may lead to successful problem solving. 
Research studies in progress are focussing on this area. 

The model proposed in this study does not explain how the use of genetics concepts or 
problem solving skills relate to the development of logical structures in successful and 
unsuccessful subjects. The development of fbrmal reasoning, in areas such as probability or 
controlling variables, may be a driving organizer which contributes to the ordering of the 
substructures. The mechanisms driving the construction of a leamers superstructure need to 
be elucidated, characterized, and examined more thoroughly. The genetics problem solving 
model described in this study requires more detailed examination. As more data are generated 
by studies of the nature described in this dissertation, researchers will have a broader 
empirical base from which to examine and assess the usefulness of previous and current 
genetics problem solving models. Subsequent studies are being planned to generate more 
Information describing genetics problem solving and to contribute to the evolution of a problem 
solving model. 
LimitaliQnsnft'iP.qtiirly 

This non-experimental study was designed to investigate genetics problem solving using 
a naturalistic methodology. The factors affecting the reliability and validity of naturalistic 
research also applied to the constraints operating within this study. The major considerations 
affecting the reliability and validity of the present study included the following: 



(1) the use of verbal data as reports may have altered or masked subjects' actions or speech. 

(2) the absence or presence of the researcher may have Influenced subjects' performances. 

(3) novelty effects relating to the computer or the simulation may have interfered with or 
distorted subjects' performances. 

(4) the range In ages of the research subjects may have resulted In maturational differences. 

(5) the reliability and validity of the coding systenris employed In data analyses required 
greater consistency. The codings perfbrmed by another science educator yielded an eighty 
percent agreement rate. 

Implications for Instruction: The Role of the Teacher 

The conclusions based on data analyses reported In this study suggest the following 
Implications for Instructional strategies used by teachers. 

1. Teachers should have students verbalize qualitative and/or quantitative observations 
during problem solving. For Instance, teachers could have students work together in small 
groups while solving problems. 

2. Teachers shoukJ provWe opportunities for students to develop and practice observatkjn 
skills and Inference skills during problem solving. 

3. Teachers should employ appropriate teacher responding behaviors after observing 
students' perceptions, organlzatfon and analysis and Interpretation of data, and approaches 
toward problem solving. 

4. Teachers shouW ask leading questions that help students make more sensitive 
observations, clarify their understanding of concepts and relationships, and investigate 
particular hypotheses more effectively. 

5. Teachers should stress the Importance of verbalizing descriptions during a!! phases of 
problem solving. This may encourage students to develop abilities to discriminate key 
comporidnts or signals within the data generated. 

6. Teachers shouU provkJe opportunities fOr students to process data, search for patterns 
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within the data, and examine the patterns for evidence to corroborate a concept or principle. 

7. Teachers should provide opportunities for students to experience and to investigate 
concepts through more meaningful and intellectually appropriate learning experiences. 

8. Teachers should have students ,ustify their explanations and confront students with 
alternate views of data or ways of generating solutions to problems. 

By interacting with students and probing the reasoning behind their hypotheses and 
interpretations, teachers can promote the use and generation of alternative approaches in 
problem solving to guide students' to successful problem solving. Thus, teachers can become 
more responsive lo their students' individual learning sf les and characteristics. By gathering 
data about students, the teacher can mal<e inferences regarding ^students' problem solving 
strategies and probe students' rattonale and understanding during problem solving. This 
infomiation could help teachers identify problem solving behaviors, sequences, and strategies 
characteristic of successful or unsuccessful problem resolution. 

Teachers should attempt to diagnose students' problem solving approaches and 
strategies to determine the learner's use of strategic knowledge and the rationale driving the 
use of that strategic knowledge. The findings from the research study reported here showed 
unsuccessful problem solvers attempted to resolve a probtem by using a random or disjointed 
approach. These problem solvers may have overlooked specific cues within the date patterns. 
This behavior may be due to their inability to extract pertinent or subtle cues from 
observations. The date from this investigation Indicated that students interpreted date and 
underlying partems within their framework of scientific explanations. When unsuccessful 
students were confronted with discrepant date or explanations of phenomena, they mainteined 
their view of the phenomena. Students can be c onfronJed with date and explanations which are 
inconsistent with their frame of reference. The process of confronting students with 
discrepant events or alternative explanations may aid students in the reorganization of the 
problem solving or conceptual substructures elaborated in the genetics problem solving model. 



By providing opportunities for students to utilize observation and problem solving skills, 
teachers can pronrote the development of linkages between the description problem solving 
substructures and the conceptual substructures described by the genetics problem solving 
nrKxiel. 

Teaching Genetics 

The intersection of particular classes of genetics concepts with problem solving 
strategies may lead to successful problem solving perfomiance. Based upon the model proposed 
in a previous section, teachers should provide opportunities for students to interpret, analyze, 
and experience the general and specific genetic concepts during a problem solving activity. 
These experiences can be discussed and processed in a large or small group setting, where 
students can have input into their ideas on the nature of genetic concepts and inheritance 
principles. These kinds of learning environments enable teachers to gather information about 
the conceptual frameworks (and misconceptions) students have about principles of inheritance. 
Teachers can then stimulate students' growth in conceptual development and problem solving 
development by suggesting appropriate learning experiences. 

Students may become more sensitive to cues within data patterns and extract relevant 
information. They may select an approach drawing upon more general descripttons, but use 
description strategies or analyses (quantitative) of the data. For example, students may use 
description strategies initially to investigate a concept such as dominance. As they generate 
nrore data (kittens), patterns of genetic characteristics will emerge from the data. Recognition 
of these data patterns through description appears to constitute an essential step in 
understanding the concept. Following recognition and descriptton, students can attempt to 
extract signals, organize the signals, and draw Inferences about their observations. These 
inferences can provide the bases for fomiing generalizations about principles of inheritance. 
General Recomniendatlons 

Examining learners' behavtors, strategies, and rationales during interaction with a 
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specific simulation can enrich the current empirical base of cognitive processes and concept 
development. The exploratory nature of this study raised many fertile questions on the nature 
of problem solving and concept development In genetics. The research hypotheses resulting 
from this study can provide a well developed research agenda to address the recommendations 
for research responsive to real instructional needs of students. The research study provided a 
rich source of information about cognitive processes of learners engaged with instructional 
software. 

The richness of information collected can.seive as sources of data fbr further 
examination with different organizing schemes (such as prediction skills or modes of learning 
style preferences). Subsequent naturalistic and experimental researrjh studies enhancing the 
empirical base of learning and instruction in science education can be extended from the 
research hypotheses suggested by the data. Researchers can examine the development, 
evolution, and interaction of genetics concepts during phases of hypothesis testing. Other 
research areas suggested by this methodology Include examining the decisions and 
Implementation of problem solving strategies employed by learners to test ideas and 
assumptions. By examining the options subjects select during problem solving, resesarchers 
can gain greater insight into the mental mechanisms and mental models learners construct and 
use 10 explain underiying data patterns. Investigations examining students' conceptual 
development in topics studied in high school science courses, misconceptions, problem solving, 
software design and use. and teaching models and instructional strategies are important 
subjects for further research in science education. In January. 1 986. a national conference 
Involving scientists, science educators, cognitive scientists, mathematicians, mathematics 
educators, and curriculum and technology experts recommended that "researchers need to 
explore in greater detail such questions as how students develop a worid view, reason about 
new Infonnatlon. and solve problems in science...research in science education should re ,ect 
and respond to real instructional needs" (Unn, 1987). By examining the problem solving 



behaviors and genetics concepts used by learners during problem solving, the science education 
community can build a stronger empirical foundation from which to respond to relevant 
Instructional needs of students and to understand the nature of problem solving and concept 
development. 
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T'ible 1 . Classification Scheme for Genetics Concepts (Excerpt) 



Property Concept 

carrier 
chromosome 
conditions 

cross/mating 



dominant 

epistasis 

gamete 

gene 



Entity Concept 



heterozygous carrier 



rare condition 
comnon condition 
genetic condition 

backcross 
specific cross 
heterozygous cross 
classes of crosses 
both classes of crosses 

homozygous dominant 
heterozygous dominant 
dominant autosomal 



dilution gene 
red/black gene 
light and dark gene 
masked gene 
symbols of genes 
dominamt gene 
recessive gene 
probable gene code 
locus 
wild type 

character difference 
genetic unit 
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Table 2. Problem Solving Sequences 



1 


GD 


QLD 








2 


6D 


QLD 








3 


6D 


QLD 








4 


6D 










5 


6D 


QLD 




C 




6 


6D 


QLD 




C 


QLR 


7 


6D 


QLD 




c 


QLR 


8 


6D. 


QLD 




c 


QLR 


9 


6D 


QLD 




c 




10 


60 




QND 






11 


60 




QND 






12 


60 




QND 






13 


60 




QND 






14 


60 




QND 






15 


60 




QND 






16 


80 




QND 


c 




17 


60 




QND 


c 


QLR 


18 


60 




QND 


c 


QLR 


19 


60 




QND 


L 




20 


60 




QND 


C 





SA 

P SA 

SA C GD 



P TP 

SA 

SA P TP 
SA 

P TP 
SA P TP 
SA QND 

QLD SA 

SA P TP 
P TP 

SA 

QNR TERM 
QNR SA TP 



Table 2 (cont.) 



21 


6D 


QLO 


QNO 








SA 




22 


GD 


QLD 


QND 


C 






SA 




23 


6D 












SA 




24 


GD 
















25 


GD 












SA 


P 


26 


GD 






C 










27 


GD 






C 






SA 




28 


GD 






c 


QLR 


QNR 






29 


GD 






c 


QLR 






SA 


30 


GD 






c 




QNR 


SA 


P 


31 


GD 






c 




QNR 


SA 




32 


GD 






c 






SA 




33 


GD 






c 






SA 


P 


34 


GD 






c 








P 


35 


OTHER 

















TP 



TP 



6D 



QND C 



TP 
TP 



GD « gathering data 

QLD » describing qualitative observations 

P " predicting 

TP = testing a prediction 
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Table 3. Sequences in Geni<rat Problem Solving Categories (Percent) 





1 


2 


3 


4 


Subject 
5 6 


7 


8 


9 


10 


11 


12 


13 


D 


50 


56 


31 


45 


0 


27 


0 


51 


7 


40 


59 


0 


38 


6D 


0 


13 


31 


18 


0 


0 


0 


5 


14 


20 


36 


25 


0 


C 


50 


6 


38 


0 


17 


0 


0 


32 


0 


20 


0 


12 


0 


0 


0 


25 


0 


36 


83 


73 


100 


15 


79 


20 


4 


12 


62 



D includes describing qualitative and quantitative 

observations 
6D includes gathering data 
C includes concluding 
0 includes other sequences 



Tnble 4 Problem Solvers Clusters of General Problem Solving Sequences 





Successful 


Less 
Successful 


Least 
Successful 


HigherX 
% of 

Description 


8. 11. 12 


1. 2, 10 


4 


Higher 
X of 
GD 








Higher 
X of 

Conclusion 


3 


1 




Higher 
% of 
Other 




13 


5, 6, 7, 9 



Description refers to qualitative and quantitative 

description problem solving sequences 
GD refers to gathering data problem solving sequences 
Conclusion refers to concluding p:» blem solving sequences 
Other refers to problem solving sequences not previously 

described 
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Table 5. Problem Solving Clusters and Percentage of Concepts 



Higher 
X of 
Property 
Concepts 

Higher 
X of 
Entity 
Concepts 



Successful 



Less 

Successful 



Least 
Successful 



11 



4. 6. 7. 9 



3. 8. 12 



1, 10, 13 



Table 6. Group Means (Percent) for Problem Solving Sequences 





Successful 


Group 
Less Least 
Successful Successful 


Unsuccessful 


D 


48 


46 16 


30 


GD 


19 


8 7 


7 


C 


16 


19 3 


10 


0 


8 


27 74 


53 



D s Description sequences means 
6D « Gathering data sequences means 
C * Conclusion sequences means 
0 s Other sequences means 

[Unsuccesstul group includes less and least successful 
subjects] 
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Figure 1 . Row Chart of Problem Solving Behaviors 
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DATA 





OBSERVE 
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OBSERVATION 



EXPLAIN 
QUALITATIVE 
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■ 



CONCLUDE 
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RELATIONSHIP 



TSRMINATE 
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Figure 2. General Problem Solving Sequences of Successful Subjects 
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Figure 3. General Problem Solving Sequences of Less Successful Subjects 
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Figure 4. General Problem Solving Sequences of Least Successful Subjects 
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••It 


















tiNr 
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Figure 6. Order of Problem Solving Sequences of Successful Subjects 




SUBJea 11 



SUBJECT 12 




OROCR or SCQUCNCCS 









90- 


w 




s 






n- 


s 






iA 




O 


20- 


z 








o 


n- 


in 






«- 


s 






5- 


0. 





V 



S 10 B 20 

OROCR or SCQUCNCCS 



Problem solving sequences 1-22 were categorized as description 
Problem solving sequences 23-25 were categorized as gathering data 
Problem solving sequences 26-34 were categorized as conclusion 
Problem solving sequence 35 was categorized as other 
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Figure 7. Order of Problem Solving Secuences of Less Succassful Subjects 
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Figure 8. Order of Problem Solving Sequences of Least Successful Subjects 
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Figure 9. Superstructure of a Genetics Problem Solving Model 
MODEL SUPERSTRUCTURE 




SOLVING sequences 
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D denottfl description 

Possible Pathways of Unsucctssful Subject sequences 
C - P - C substructures c denotes conclusion 

C - P tfubHtructu^es sequences 
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I. Substructures of a Genetics P. ; blem Solving Model 
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